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S u m m a r y .  A s p o n t a n e o u s  d w a r f  mutan t  of g roundnut  v a r i e t y ,  K o p e r g a o n - 3 ,  s h o w ed  d i f f e r e n t i a l  e x p r e s s i o n  fo r  p lant  
he ight  and s e c o n d a r y  b r a n c h i n g  c h a r a c t e r s  in the  r e c i p r o c a l  F~ p o p u l a t i o n s .  These  d i f f e r e n c e s  w e r e  a s s u m e d  to be  
due to the i n t e r a c t i o n  of n u c l e a r  and c y t o p l a s m i c  f a c t o r s  which  m u t a t e d  wi th  d w a r f n e s s .  

S e g r e g a t i o n  fo r  d w a r f n e s s  in the  Fe and F3 g e n e r a t i o n s  c o n f i r m e d  the  m o n o g e n i c  i n h e r i t a n c e .  The mutan t  e x p r e s -  
s ion  w a s ,  t h e r e f o r e ,  c o n t r o l l e d  by a p a i r  of r e c e s s i v e  f a c t o r s  d e s i g n a t e d  d v d v , i nd i ca t i ng  d w a r f i s m  in the  V a l e n -  
c ia  g roup .  

Introduction 

Dwarf phenotypes which are genetically controlled have 

played a prominent role in the evolution of high-yielding 

varieties in cereals and other crops (Chandler, 1968; 

Reitz and Salmon, 1968; Down and Andersen, 1956). 

Such p h e n o t y p e s  in the  groundnut  (Araeh i s  hypogaea L. , 

2n = 40) w e r e  m o s t l y  s t e r i l e  and t h e i r  c o n t r i b u t i o n  to 

y ie ld  i s  not p r o p e r l y  u n d e r s t o o d  ( H a y e s ,  1933; P a t e l  

et a l .  1936; Hull ,  1937 ; S e s h a d r i  and Seshu ,  1956; P a -  

t i l ,  1966; A s h r i ,  1968; Coffe l t  and H a m m o n s ,  1972).  

H o w e v e r ,  Shchor i  and A s h r i  (1970) r e p o r t e d  s o m e  in -  

duced  f e r t i l e  d w a r f s  in the  Valenc ia  group  which  s h o w ed  

s i m p l e  i n h e r i t a n c e .  

A s p o n t a n e o u s  mutan t  known a s  "Guj ra t  Dwar f "  was  

ob ta ined  in a p o p u l a r  g roundnut  v a r i e t y ,  K o p e r g a o n - 3 ,  

be long ing  to the  Va l enc i a  group  (Gopani  and Va i shnan i ,  

1970).  Gene t i c  s t u d i e s  o n t h e  d w a r f  c h a r a c t e r  of the  m u t -  

ant i nd i ca t ed  the o c c u r r e n c e  of s i m u l t a n e o u s  m u t a t i o n s  of  

n u c l e a r  and c y t o p l a s m i c  f a c t o r s  in f luenc ing  p lan t  he igh t  

and b r a n c h i n g .  I n t e r a c t i o n  of n u c l e a r  and c y t o p l a s m i c  

f a c t o r s  i s  s u g g e s t e d  and the  s e g r e g a t i o n  p a t t e r n  is  d e s -  

c r i b e d .  

M a t e r i a l s  and Me thods  

Seeds of "Gujrat Dwarf" were obtained in 1970 from the 
University of Agricultural Sciences, Dharwar, where it 
was being tested for yield potential in the All India Coor- 
dinated Project. The dwarf mutant was crossed with Ko- 
pergaon-3 (K-3), Spanish Improved (SP), Trombay 
Groundnut (TG)varieties viz., I, 3, 6,8 and 9 (Patti and 
Thaka re ,  1969 ; P a t i l ,  1973) and a ta l l  mutan t  ( P a t i l ,  1966 ), 
us ing  the  mod i f i ed  c r o s s i n g  t e chn ique  ( P a t t i ,  1971).  In 
add i t ion ,  K-  3 was  c r o s s e d  with SP and t h r e e  T G - v a r i e t i e s .  

Ten F• p l an t s  f r o m  e a c h  c r o s s  w e r e  g r o w n  in 1972 
t o g e t h e r  wi th  the  p a r e n t s .  P l a n t  he igh t  and n u m b e r  of  
b r a n c h e s  at m a t u r i t y  w e r e  r e c o r d e d  and the  r e s u l t s  
a r e  s u m m a r i s e d  in Tab le s  1 and 2. 

A l i m i t e d  n u m b e r  of F2 p r o g e n i e s  was  g rown d u r i n g  
J u n e - S e p t e m b e r ,  1973. The popu la t ion  w a s  s c o r e d  fo r  
p lant  he ight  and n u m b e r  of b r a n c h e s .  The da ta  on the  f r e -  
quency  of p l an t s  a c c o r d i n g  to t h e i r  he igh t  and m o r p h o l o -  

g ica l  a p p e a r a n c e  a r e  s u m m a r i s e d  in Table 3. N o r m a l  and 
d w a r f  p l an t s  in Fe w e r e  e a s i l y  d i s t i n g u i s h a b l e  in the  f i e ld .  
H o w e v e r ,  both  the  pheno typ i c  c l a s s e s  in the  c r o s s e s  wi th  
SP and TG v a r i e t i e s  s h o w e d  plant  he ight  v a r i a t i o n s  wi th in  
the  c l a s s e s  which  a r e  not c o n s i d e r e d  in the  p r e s e n t  d i s -  
c u s s i o n .  Genotyp ic  s e g r e g a t i o n  f o r  d w a r f n e s s  was  s t u d -  
ied  a f t e r  g rowing  the  F3 g e n e r a t i o n  d u r i n g  1974 (Table 
4 ) .  The data  w e r e  s t a t i s t i c a l l y  a n a l y s e d  and the  c h i -  
s q u a r e  v a l u e s  a r e  g iven  in the  t a b l e s .  

R e s u l t s  and D i s c u s s i o n s  

Dis t inGuishing  c h a r a c t e r s  of the  d w a r f  mu t an t :  

The d w a r f  mutan t  had a d i s t i n c t  pheno type  wi th  s l i gh t ly  

s m a l l e r  l e a f l e t s  than K-3 ( F i g .  1) .  It was  e a s i l y  d i s t i n -  

gu i shab l e  f r o m  n o r m a l  p l an t s  four  to f ive  w e e k s  a f t e r  s o w -  

ing.  The de l ay  in the  e x p r e s s i o n  of d w a r f n e s s  was  due to 

n o r m a l  g rowth  (2 .5  c m / i n t e r n o d e )  of the  b a s a l  four  to 

f ive i n t e r n o d e s  and s h o r t e n i n g  of  the s u b s e q u e n t  i n t e r -  

n o d e s  (0 .5  c m / i n t e r n o d e )  on t h e s t e m .  T h e r e  was  no 

d i f f e r e n c e  in n u m b e r  of i n t e r n o d e s  b e t w e e n  the  mutan t  

and o t h e r  v a r i e t i e s .  F o r  m e a n  he igh t  (Table 2 ) ,  the  m u -  

tant  s h o w ed  a s e v e n t y  p e r c e n t  r e d u c t i o n  c o m p a r e d  wi th  

the  p a r e n t .  The X - r a y  induced  ta l l  mutan t  ( P a t i l  1966) ,  

in c o n t r a s t ,  had a 30 p e r c e n t  i n c r e a s e  in he igh t .  T h e p l a n t  

h e i g h t s  fo r  K - 3 ,  S P ,  TG-1,  3 , 6 , 8  and 9 w e r e  g e n e r a l l y  

Table I. Fx plant height and branching character in 
the crosses with K-3 

Cross Plant height Number of branches 
(cm) primary + secondary 

d v x K-3 82 • 3.7 5 + I 
K-3xd v 78 -+ 3.2 5 + 0 
K-3 • TG-1 120 + 3.6 12 + 20 
TG-I • K-3 114 -+ 4.6 12 + 21 
K-3 x SP 106+- 2.9 6 + I0 
SP • K-3 108-+ 3.7 6 + 9 
K-3 x TG-6 108 +- 4.6 6 + I0 
TG-6 x K-3 110 -+ 3 .4  7 + 10 
K3 • TG-8 111 -+ 4 .5  5 + 4 
TG-8 • K-3  115 +- 5 .6  5 + 5 

d v - dwarf mutant. 
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Table 2. Reciprocal differences in the crosses of dwarf mutant 

Parent F• (9 dwarf) F• (d dwarf) 
Cultures Height No. branches Height No. branches Height No. branches 

(cm) P + S (cm) P + S (cm) P + S 

Dwarf 24-+ 1.9 6 + 1 
K-3 85• 3.1 5 +0 81• 3.7 5 + 1 84-+ 3.2 5 +0 
SP 79-* 2.5 6+7 80-+2.6 5+9 110-+ 1.6 5 + 1 
TG-3 80 -+ 2.3 6 + 8 77 x 3.9 5 + 6 114 • 2.4 5 + 1 
TG-6 75• 6+6 81-+2.3 6+8 111-+ 2.3 5+1 
TG-8 74-+2.1 5+3 78-+ 1.6 5 +2 113-+ 4.9 4+0 
T G - 9  75 -+ 3 . 4  5 + 4 84 -+ 3 . 4  6 + 3 115 -+ 2 . 5  6 + 1 
T a l l  107 -+ 1 . 1  6 + 8 105 '+ 1 . 5  7 + 14 122-+ 3 . 9  6 + 10 
T G - 1  80-+ 2 . 8  11 + 18 - - 

P = P r i m a r y :  S = S e c o n d a r y  

Table 3. Segregation of dwarf in F2 generation 
F2 segregation 

F• 
Cross 

progenies Normal Dwarf 
(50 cm) (50-35 cm) Parent Extreme 

2 
X P 

( 3 : 1 ) value 

d v x K - 3  2 50 0 20 0 
K - 3  x d v 2 56 0 26 0 
d ~ • T a l l  2 77 5 20 1 
T a l l  x d v 2 170 8 45 1 
d v • SP 2 46 14 19 3 
SP x d v 2 40 8 11 1 
d v • T G - 3  3 49 20 19 2 
T G - 3  • d ~ 3 40 16 11 2 
d ~ x T G - 6  3 36 21 15 0 
T G - 6  x d v 3 61 17 27 2 
d ~ x T G - 8  3 31 11 14 4 
TG-  8 X d v 3 43 8 22 3 
d v x T G - 9  1 19 8 9 2 
T G - 9  X d v 3 68 21 25 3 

0 . 4 7 6  0 . 2 5 - 0 . 5 0  
1 . 9 6 6  0 . 1 0 - 0 . 2 5  
1 . 0 6 8  0 . 2 5 - 0 . 5 0  
2 . 3 8 0  0 . 1 0 - 0 . 2 5  
1 . 4 6 2  0 . 1 0 - 0 . 2 5  
0 . 8 0 0  0 . 2 5 - 0 . 5 0  
0 . 1 3 3  0 . 5 0 - 0 . 7 5  
1 . 3 9 6  0 . 1 0 - 0 . 2 5  
0 . 7 0 0  0 . 2 5 - 0 . 5 0  
0 . 2 5 2  0 . 5 0 - 0 . 7 5  
0 . 8 0 0  0 . 2 5 - 0 . 5 0  
2 . 5 2 5  0 . 1 0 - 0 . 2 5  
0 . 0 8 1  0 . 7 5 - 0 . 9 0  
0 . 0 7 1  0 . 7 5 - 0 . 9 0  

P o o l e d  34 786 157 282 24 

943 306 0 .  167 0 . 5 0 - 0 . 7 5  

similar. The K-3 and dwarf differed from the others in 

not having secondary branches (n + 2). The pods and ker- 

nels of the dwarf were not distinguishable from those of 

K-3. Both had more 3-seeded pods and red kernels, while 

the others had more 2-seeded pods and rose kernels. 

Fig. I. Left Spanish Improved; middle Kopergaon-3 and 
right dwarf 

R e c i p r o c a l  d i f f e r e n c e s  i n  F 1 e x p r e s s i o n :  

The  F 1 p o p u l a t i o n s  f r o m  r e c i p r o c a l  c r o s s e s  of  K - 3 ,  e x -  

c l u d i n g  t h a t  w i t h  t h e  d w a r f ,  s h o w e d  i n c r e a s e d p l a n t  h e i g h t ,  

w h i c h  v a r i e d  f r o m  106 to  1 2 0 e m  ( T a b l e  1 ) ,  c o m p a r e d  

w i t h  7 4 - 8 5  c m  f o r  t h e  p a r e n t s  ( T a b l e  2 ) .  The  e x p r e s s i o n  

of  i n c r e a s e d  h e i g h t  i n  F1 ,  t h e r e f o r e ,  s u g g e s t e d  o v e r d o m -  

i n a n c e  f o r  t h i s  c h a r a c t e r .  In  t h e  r e c i p r o c a l  c r o s s e s  

b e t w e e n  K - 3  a n d  t h e  d w a r f ,  h o w e v e r ,  t h e  F1  h e i g h t  w a s  

s i m i l a r  to  t h a t  o f  t h e  s u p e r i o r  p a r e n t ,  i n d i c a t i n g  t h e  

d o m i n a n c e  o f  K - 3  p l a n t  h e i g h t .  T h i s  w a s  e x p e c t e d  s i n c e  

the dwarf was isolated from K-3. 
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Table 4. Genot~0ic segregation from F3 ~eneration 
2 

X P 
Crosses Dominant Heterozygotes Recessive 

(1 : 2 : 1 ) value 
homozygotes (normal/dwarf) homozygotes 

d v x K-3 7 17 9 0.272 0.75-0.90 
(823/296) 

K - 3  • d v 20 32 20 0 . 8 4 4  0 . 5 0 - 0 . 7 5  
( 1 5 8 6 / 4 7 0 )  

d ~ x T a l l  25 57 20 1. 900 O. 2 5 - 0 . 5 0  
(1752/596) 

T a l l  x d v 55 125 45 3 . 2 6 9  O. 1 0 - 0 . 2 5  
(2496/812) 

d v x SP 20 39 22 0 . 1 6 3  0 . 2 5 - 0 . 5 0  
( 1 8 1 8 / 5 7 0 )  

SP x d v 14 20 12 0 . 9 5 5  0 . 5 0 - 0 . 7 5  
( 1 0 2 2 / 3 8 5 )  

d ~ • T G - 3  32 37 19 6 . 0 6 7  0 . 0 5 - 0 . 0 2 5  
( 1 8 6 9 / 5 9 1 )  

T G - 3  • d v 23 33 14 2 . 5 4 0  0 . 2 5 - 0 . 5 0  
( 1 8 2 5 / 5 6 3 )  

d v x T G - 6  15 24 12 0 . 5 2 9  0 . 7 5 - 0 . 9 0  
(1110/390) 

T G - 6  • d v 18 35 21 0 . 1 5 4  0 . 9 0 - 0 . 9 5  
(1550/541) 

d v x T G - 8  9 32 17 4 . 1 1 3  0 . 1 0 - 0 . 2 5  
( 9 7 1 / 3 3 7 )  

T G - 8  • d v 24 36 20 1 . 2 0 0  0 . 5 0 - 0 . 7 5  
( 1 1 6 7 / 4 2 6 )  

d v x T G - 9  10 15 7 0 . 6 8 7  0 . 5 0 - 0 . 7 5  
( 6 2 9 / 1 9 6 )  

T G - 9  x d V 4 20 6 3 . 5 9 9  0 . 1 0 - 0 . 2 5  
( 9 4 0 / 2 8 2 )  

P o o l e d  276 520 244 1 . 9 6 9  0 . 2 5 - 0 . 5 0  
( 1 9 5 5 8 / 6 4 5 5 )  

All the other crosses of the dwarf mutant exhibited 

reciprocal differences in the F 1 plant height (Fig. 2 a 

and b). Similar reciprocal differences for growth habit 

were observed by Ashri (1964). Significant increases in 

the height of F 1 plants resembling those of K-3 crosses 

were expressed only when the dwarf was the male parent 

(Table 2). On the other hand, when the mutant was fe- 

male parent, the F 1 height was similar to that of the 

superior parent. The expression of overdominance when 

the mutant was male parent, and of dominance when fe- 

male parent, suggested the influence of some cytoplasmic 

factor of the dwarf. The suppression of overdominance 

by the mutant cytoplasm demonstrated a probable muta- 

tion of cytoplasmic factor. 

The presence of secondary branches in the F I plants 

of crosses withK-3 (Table 1 ) showed that the n+2branch- 

ing character (Gregory et al., 1951) was controlled by 

dominant factors. The absence of this character in K-3 

and its mutant was due to recessive gene (s). According- 

ly, n § 2 branching in F 1 plants was expected also in 

the crosses with the dwarf mutant. However, this char- 

acter was absent in the F 1 plants resulting from the 

crosses with the dwarf as pollen parent (Table 2). 

The suppression of dominant effect in the F 1 might be 

caused by the inhibitory action of gene (s) contributed by 

the pollen of the dwarf, so the expression of n + 2 

branching of F 1 plants in the crosses of 9 dwarf • SP 

types was abnormal. This was probably due to inacti- 

vation of the inhibitor in the mutant cytoplasm (Ashri, 

1964; 1968). 

The results on plant height and branching type obtained 

from the F I generation thus suggest that, in addition to 

a mutation for plant height, the dwarf might be carrying 

other mutations including those in the cytoplasm. 

Genetic segregations for plant height: 

Segregation studies in the F 2 and F 3 generations con- 

firmed the recessive expression of dwarfness. The pat- 

tern of segregation was similar in all the reciprocal 

crosses and showed good fit to the monohybrid ratio 

(Table 3). Therefore, the occurrence of dwarf mutation 

in K-3 might be caused by a recessive mutation of a ma- 
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j o r  gene ,  c o n t r o l l i n g  p l an t  h e i g h t .  It i s  i n t e r e s t i n g  to no te  

the  p r e s e n c e  of v a r i a b i l i t y  ( F i g .  3) in bo th  t h e  n o r m a l  

and  d w a r f  p h e n o t y p i c  c l a s s e s  in a l l  t he  c r o s s e s  e x c e p t  

t h o s e  wi th  the  p a r e n t  v a r i e t y ,  K - 3 .  The o c c u r r e n c e  of 

e x t r e m e l y  d w a r f  p l a n t s ,  m e a s u r i n g  l e s s  t han  10 c m  as  

c o m p a r e d  wi th  24 c m  in the  d w a r f  p a r e n t ,  s u g g e s t e d  tha t  

t h e r e  w e r e  e i t h e r  m o d i f i e r s  o r  m o r e  than  one gene  i n -  

f l u e n c i n g  t h e  p l an t  he igh t  c h a r a c t e r .  

Geno typ ic  s e g r e g a t i o n  of t h e  d w a r f  s h o w e d  276 d o m i -  

nan t  h o m o z y g o t e s ,  520 h e t e r o z y g o t e s  and  244 d w a r f  p r o g -  

e n i e s .  This  s e g r e g a t i o n  had  an  e x c e l l e n t  f i t  wi th  the  e x -  

p e c t e d  r a t i o  of 1" 2 : 1 (Table  4) b a s e d  on  m o n o h y b r i d  s e g -  

r e g a t i o n .  The h e t e r o z y g o u s  p r o g e n i e s  had  19558 n o r m a l  

p l a n t s  and  6455 d w a r f  p l a n t s  in  the  F 3 which  f u r t h e r  c o n -  

f i r m e d  the  m o n o h y b r i d  s e g r e g a t i o n .  T h e r e f o r e ,  d w a r f -  

h e s s  w as  c o n t r o l l e d  by a p a i r  of r e c e s s i v e  f a c t o r s  wh ich  

m a y  be  g e n e t i c a l l y  d e s i g n a t e d  as  dVd v, s u g g e s t i n g  the  

d w a r f n e s s  in  the  V a l e n c i a  s u b g r o u p .  
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Fig.2. Reciprocal differences in F• (a) dwarf as female 
(b) dwarf as male 

Fig. 3. Variability in  F2 , left four plants from normal 
and remaining from dwarf class 
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